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Abstract
Web service selection is one of the important aspects of SOA. It helps to integrate
the services to build a particular application. Web services need to be selected using
appropriate interaction styles i.e., either Simple Object Access Protocol (SOAP)
or Representational State Transfer Protocol (REST) because choosing web service
interaction pattern is a crucial architectural concern for developing the application,
and has an impact on the development process.
In this study, the performance of web services for Enterprise Application based
on SOAP and REST are compared.
Since web services operate over the network, throughput and response time are
considered as metrics for evaluation.
In the literature, it is observed that, emphasis is given on interaction style for
selecting web services. However, as the number of services grows day by day, it is
time-consuming and difficult to select services that offer similar functionalities. Web
services are often described in terms of their functionalities and set of operations. If
a customer chooses an application that is of low quality or have malicious content
that can affect the overall performance of the application.
Hence, web services are selected based on the quality of service (QoS) attributes.
In this proposed work, various models are designed using soft computing techniques
such as Back Propagation Network (BPN), Radial Basis Function Network (RBFN),
Probabilistic Neural Network (PNN) and hybrid Artificial Neural Network (ANN)
for web service selection, and their performances are compared based on various
performance parameters.
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Chapter 1
Introduction
Service Oriented Architecture (SOA) is the concept of building an architecture for
software development and application integration, which supports loose coupling,
reusability, standard service contracts, interoperability, composability, discoverabil-
ity, autonomous and stateless principles. The basic building block of SOA is web
service. Web service is an atomic self-supporting unit of software that performs a
particular task. SOA is realized with the help of services. SOA is an architectural
pattern in which application components communicate with other application com-
ponents via a communications protocol in heterogeneous distributed environment.
Service oriented architecture is mainly consists of three basic component as shown
in Figure 1.1, such as
 Service consumer
 Service provider
 Service broker
Service provider publishes services to service-repository, it just stores the service
interface definition in the repository. Service- consumer is the client that searches
service repository to find desired services with the help of service description.
SOA uses the standards such as Web service description language (WSDL) service
1
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Figure 1.1: Service Oriented Architecture
interface definition, Simple Object Access Protocol (SOAP) as a communication
protocol between services and universal description discovery and integration
(UDDI) as a service-repository
In this work, ANN has been used for fixing up the appropriate service, because
ANN has capability to learn from past experience, So network can be trained to
identify or classify a particular service based on QoS attribute. For example, some
application may require the high value of throughput, low response time. Based
on previous learning it matches the appropriate service that satisfies the particular
QoS value.
Artificial neural networks are machine learning algorithms derived from the con-
cept of the central nervous systems of living beings, in particular, the brain [1].
Artificial neural networks (ANNs) is made up of a number of nodes. These nodes
represent neuron in the brain. These neurons are interlinked with each other through
which information flows, where interlinks are assigned with some weights. Weights
2
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that are allocated to the connection between the neurons are variable until appro-
priate weights are obtained for which the error parameter is minimum. Weight can
be updated based on learning, which make network robust to inputs [1].
In ANN, information as patterns are stored as training data, networks are trained
using these data, and once the network is trained it can be used to solve the problem
of classification, pattern recognition and others. Learning Algorithms can be of three
types.
 Supervised Learning Algorithm
 Unsupervised Learning Algorithm
 Reinforcement Learning Algorithm
1.1 Web Services
Web Service is a software unit that provides an interoperable machine to machine
communication over the network. It provides reusable, loosely coupled, autonomous,
interoperable and standard way to build any application. Web services communicate
with help of standard HTTP and XML based message protocol over the network [2].
In the era of information technology, it is vital for success of any organisation to
seamlessly exchange information between enterprise, consumer, and provider, But
most organizations use legacy applications and databases that serve critical business
needs. Legacy applications communicate and exchange data which is not compatible
for integration with modern software. Therefore they cannot communicate to one
another efficiently.
1.1.1 Web Service Description Language (WSDL )
WSDL stands for web service description language. Web service interface is de-
scribed in XML format. WSDL document structure can be given as. Service con-
sumer desired to access Web service can analyse and comprehend WSDL file to get
3
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Figure 1.2: WSDL Structure
location of the service and its available functionality. WSDL is the interface descrip-
tion language that provides a standard way to interpret and comprehend messages
and requisite parameters regardless of the network protocol or platform they use [3].
WSDL is an XML based standard description of the web services. It provides the
detail about the services such as what are the related operations and where services
are located.
WSDL consists of two parts namely abstract and concrete as shown in Figure1.2.
There are the six elements of WSDL document.
 PortType: It describe group of operations performed by one or more service
endpoint and the message involved. It is similar to function library in conven-
tional programming language.
 Port: It specifies an address for a binding, i.e., actual target location of a
service.
 Message: It describes the data elements of an operation. It consists of the part
name. Part name is similar to parameter in a normal function call.
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 Types: Types are data types defined by XML schema used by services for
sending messages.
 Binding: It defines the data format and protocol for the group of operations
provided by the service.
 Service: It specifies a collection of related endpoints enclosed in the service
definitions.
1.1.2 Simple Object Access Protocol (SOAP)
Applications built on different platform and language can communicate over the
network using SOAP. SOAP is a standard, extensibleformat for sending messages
between a service and its client(s) [4]. SOAP is language and platform independent.
Web services interoperability is supported with the help of SOAP.
The basic SOAP structure is shown in Figure 1.3. Its elements are:
 Envelope: Every SOAP message is enclosed in a container known as an enve-
lope.
 Header: A header is optional in SOAP. It contains meta information of message
such as the date on which message was sent, authentication data, etc.
 Body: It hosts the message payload. It contains call and response message
information.
 Fault: If some error occurs while exchanging information, then fault message
is generated. It is present in fault part of SOAP message.
1.1.3 Universal Description Discovery and Integra-
tion(UDDI)
UDDI is service repository where the service description in form of WSDL files
are stored. UDDI is a standard way to create an XML-based repository that store
5
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Figure 1.3: SOAP Structure
information about the Web services they offer. Investigating appropriate business
applications published as Web Services in UDDI is a critical issue [5].
One of the main principles of SOA is discoverability. Even if the services are
available, if services are not discoverable they cannot be utilized in any application
development. Service Discoverability is achieved with the help of UDDI. UDDI
stores the WSDL files and communicates with the assistance of SOAP messaging
protocol [2].
UDDI stores service description, i.e., WSDL and interacts via SOAP messaging.
When the web services are built, their interfaces are described using WSDL file.
WSDL file is registered in UDDI registry. Registering a Web service in a UDDI
registry is an optional step. UDDI registry can be of two type:
 Private UDDI- In this category registration is carried out within an organiza-
tion
 Public UDDI - In this category registration is carried out among organization
6
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1.2 Litrature Review
In this study, interaction style i.e., SOAP and REST have been considered for build-
ing web services. In this segment, the studies related to the performance of SOAP
and REST based services by various author have been tabulated in Table 1.1.
Howevere, in 2013, Snehal, and Puja Padiya have compared the performance of
SOAP and REST considering an example of multimedia confrencing application [20].
This section presents a review of literature on the application of soft computing
techniques for web service selection. Table 1.2 shows the summary of empirical
studies available in literature on web service selection.
Q. H. Al-Masri et al., [6] experimentally applied the neural network for appro-
priate web service selection. Ezhilarasi et al., [9] have proposed a framework for
JIT-Oriented web service discovery using neural network. Where JIT corresponds
to Just -in Time framework. Suresh et al., have used various machine learning algo-
rithms for software fault prediction using CK metric suite [12]. Lockheed Missileset
al., has described Probabilistic Neural Networks [13]. Ioana Sora,et al., have used
fuzzy based approach for selection of web service based on QoS value [10].
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Table 1.1: Selection of web services based on interaction style: SOAP and REST
Author Methodology
Cesare Pautasso et
al., [14]
Made a technical comparison between SOAP
and REST, and prescribed included architec-
tural principles, conceptual as well as differ-
ent technology decisions.
Michael zur
Muehlen et al., [15]
Provide a comparison which focuses on the
choreography standards of the two interac-
tion styles.
Gomez andet al.,
[16]
Addressed the general issue of SOAP based
web service multimedia conferencing in the
IP Multimedia Subsystem .
David Lozano et
al., [17]
Developed multimedia conferencing applica-
tions using RESTful Web service.
Tekli et al., [18] The basic idea is to identify common parts
of SOAP messages, so that these common
parts are processed only once hence, avoiding
a large amount of overhead .
Potti et al., [19] CRUD operation has been used for compar-
ing performance of SOAP and REST. Met-
rics such as response time and throughput
have been used to compare the performance
of these Web services .
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Table 1.2: Web service Selction based on soft Computing Techniques
Author Methodlogy
Q. H. Al-Masri, E
Mahmoud, et al.,
[6]
Neural network used for best service discov-
ery.
Keskes et al., [7] Web service selection based on context on-
tology and quality of services.
G. Ezhilarasi aet
al., [9]
Designed a discovery model JIT(Just-in-
Time)based on neural network approach .
Ioana Sora et al.,
[10]
Fuzzy approach used for web service selec-
tion.
Abdallah Mis-
saoui1 et al., [11]
Neuro fuzzy approach used for ranking of
web services.
9
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1.3 Problem Statement
To select and rank appropriate web services based on interaction styles and quality
of service (QoS) attributes.
1.3.1 Web Service Selection
One of the main challenges in service oriented architecture is the optimal selec-
tion and ranking of web services. The process of selecting relevant services from a
service repository in a heterogeneous environment is a difficult task. Use of different
search engines help in selection process by efficiently searching the service repository,
peer to peer networks, service portals etc. Fixing up appropriate services is neces-
sary because composition of these services leads to the development of a particular
application.
1.3.2 Objective of My Work
Web services need to be selected based on interaction styles i.e., SOAP and REST,
because interaction styles play a major role in building and integrating the applica-
tion.
Web services need to be selected based on QoS attributes. To enhance the qulaity
of web service selection, ANN and hybrid ANN are employed for optimal selection
of web service.
With the help of the requisite attributes related to quality of service, a compar-
ative study of performance of both the techniques based on error parameter has
been made in order to help in critical assessment.
The proposed model contains two soft computing techniques:
1. Artificial Neural Network
10
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 BPN Model
 RBFN Model
 PNN Model
2. Hybrid Artificial Neural Network
 Neuro-GA approach
1.4 Motivation
Nowdays, business requirements are changing rapidly, but the technology is not
changing that quick. So it is important to have business agility. SOA provides
agility to meet ever changing requirement to technology.
While building any application, it is a practice that some component can be de-
veloped some components from off the self (COTS) can be used, some functionalities
may be borrowed from cloud in form of services. So there is a need to integrate all
these hetrogeneous component and provide a common interface. So web services
need to be selected based on interaction style for easy integration.
SOA provides seamless integration for diverse system with the help of platform
independent, interoperable, loosely coupled architecture which is cost-effective.
Before integration, It is important to select the appropriate services. Web ser-
vice selection based on functional properties alone are not sufficient, Non-functional
properties must be considered. If client selects a service which is of poor quality
then it can affect the overall performance of system. So in this work QoS parameter
is considered for web service selection.
11
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1.5 Thesis Organization
The rest of thesis is organized as follow:
 In Chapter 2, performances of web services identified for an example of Loan
Broker Application developed in SOAP and REST and are compared. Since
web services operate over the network, throughput and response time are con-
sidered as metrics for evaluation.
 In Chapter 3, Artificial neural network (ANN), has been used to design a model
for web service selection, to classify a service as based on its QoS value. In
this chapter, Back Propagation Network (BPN), Radial Basis Function Net-
work (RBFN) and Probabilistic Neural Network (PNN) have been described
and how they have been used in service selection. Also performance of these
techniques are compared in order to help in critical assessment.
 In Chapter 4, hybrid approach of artificial neural network, genetics algorithm
(GA) coupled with ANN has been used for web service selection.
12
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Web service selection based on
interaction styles: SOAP or REST
2.1 Introduction
Web services are common way to exchange data and information over the network.
It is the fundamental unit of application development in service-oriented develop-
ment. Web services can be built in two different interaction styles such as SOAP
and REST, while developing any application, there is a need to select the particular
type of services SOAP or REST. To build an application which type of services
need to be chosen from the available services is very critical.
Services can interact regardless of different platforms. Services publish its
functionalities through WSDL in case of SOAP and through URI in case of REST,
while their implementation details need to be kept as private [23]. Once the services
are developed it can be integrated with the help of Business Process Execution
Language (BPEL) for the SOAP based services. Java script object notation (JSON)
can be used for composing REST based services. Building SOAP based services
is relatively easier, bacause various platforms offer standard libraries to create
13
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SOAP services or SOAP clients, such as Axis2/Java [24], But the parsing of SOAP
messages can be memory and computation intensive. REST uses client-server
architecture. REST is not restricted to any particular protocol. REST can have
message format in XML as well as JSON. On the other, hand SOAP relies on XML
only. XML is verbose in nature so it increases load on server netwok traffic. On the
other, hand REST is lightweight in nature.
In the previous chapter, emphasis is given on selection of web services based on
interaction styles upon which services are built, but other factor such as quality of
service (QoS) attributes are also very important.
In this study, an experiment has been done for web service selection based on
interaction style i.e., SOAP and REST. A case study of Loan Broker system is
taken as an example. Loan Broker application is built in both SOAP and REST
interaction styles. The concept of multi threading has been used for simulating
concurrent clients. each user corresponds to one thread.
The performance of each application in different interaction style is analyzed.
Throughput and Response time has been considered for performance evaluation
parameter as the web services operate over the network.
2.2 Overview of OpenESB And LoanBroker Ap-
plication
2.2.1 Tool for building SOA application
OpenESB is a commonly applied tool for developing service oriented applications
[24]. ESB provides a mature way to integrate services. [24]. ESB supports and
helps to realize various SOA principles. With the help of ESB services complex
interlinking of services is avoided [25].
14
Chapter 2 Web service selection based on interaction styles: SOAP or REST
2.3 Case Study
In this section standard example of LoanBroker is discussed [26]. LoanBroker exam-
ple captures the various aspect of service compositions. In this example customer
request for best loan rate from the different banks. The Loan Broker BPM(Business
Process Model) uses a Business Process Engine to orchestrate the requests [27].
2.3.1 Message sequence in LoanBroker System
Specification of requirement [26].
 Customer requests to LoanBroker application system by giving loan amount
as input.
 Loan Broker system communicates with CreditAgency service to get the credit
profile of customer.
 CreditAgency service returns the credit profile of customer to LoanBroker
system as response.
 Loan Broker system uses credit profile as input to the LenderGateway service
to obtain the list of banks.
 LenderGateway service returns bank list to the LoanBroker system based on
the credit profile of customer and the amount of the loan requested.
 LoanBroker system requests to all the banks to return the rates.
 Bank services compute and return the loan rate as response to LoanBroker.
 LoanBroker system input different loan rate to the getBestLoanQuote service.
which return the best loan rate.
 Best loan rate obtained from the getBestLoanQuote service is returned to the
customer as response.
15
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Figure 2.1: Message flow in Loan Broker application
2.3.2 Type of Services Used in building LoanBroker system
LoanBroker application consists of two types of services.
1. Primary services
2. Composite Services
Primary services are the atomic services. Services which can not be further
decomposed. Loan Broker application consists of services which is combination
of both atomic services as well as composite services. Table 2.1 shows the list of
various services involved in it. Simultaneous service requests are managed with
the help of multi threading. Total of twenty eight number of simultaneous users
are simulated. Throughput and response time is calculated for each user then the
average of response time and throughput is taken as final result.
Loan Broker application is built from the integration of different primary ser-
vices. In SOAP based services, Integration is done with the help of BPEL engine
of OpenESB tool. In case of REST, services are integrated by taking the output
of one service as input to the other. In SOAP, for service integraion direct support
of BPEL module is available and it composes the services with the help of WSDL
16
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Table 2.1: Functionalities of services with requisite input and output
Services Input Output
CreditAgency LoanAmount CreditProfile
LenderGateway CreditProfile List of Banks
Bank1 CreditProfile and LoanAmount Return Rate
Bank2 CreditProfile and LoanAmount Return Rate
Bank3 CreditProfile and LoanAmount Return Rate
BestLoanQuote rates return from all banks Return best Rate
LoanBroker LoanAmount Return best Rate
address. REST is resource oriented architecture in which services are integrated
logically.
2.4 Proposed Work
Web service selection based on appropriate interaction is of prime importance. Web
services can be either SOAP based or REST based. In this study, performance
comparison of both the interaction styles (SOAP and REST) are provided to se-
lect the proper service for development of application. Metrics such as throughput
and response time have been considered as performance parameters for evaluation.
However the performance of these two techniques are provided to Create, Read,
Update, Delete(CRUD) operation [19]. In this study, a comparison between SOAP
and REST for enterprise application based on case study is provided.
2.4.1 SOAP Based Web Services
Open ESB tool has been used to find throughout of the development of application.
Java platform has been used for developing individual services. In Back-end MySQL
database is used. This database stores the information of customer profile such as
17
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available balance in particular customer account. Customer Id serves as primary
key. Customer makes a request to loan broker application using unique customer Id
and loan amount and gets Best Loan quote as response. LoanBroker application is
built in client server architecture. In this work, single machine plays the role of both
client as well as server. So the network latency can be considered as zero. After the
deployment of services, unique WSDL address is generated. This WSDL address
are stored in UDDI registry. This act as a service contract between service provider
and consumer.
2.4.2 Integration of SOAP Based Services using BPEL En-
gine
The Loan Broker application is considered as example of SOA/ESB [26].
It is discussed that how SOAP and REST behave for integration of large appli-
cation.
The Loan Broker application illustrates a number of capabilities of ESB such as
integration, orchestration, messeging and routing. [14]. LoanBroker application is
integrated using the BPEL Engine. BPEL consists of two types of activities such
as basic activities and structured activities [23]. Basic activities cover receive, reply,
wait, switch, while, and sequence. The structured activities determine the structure,
of the sequencing of the process, and the basic activities determine what happens
in the process [28]. BPEL process takes the WSDL address and based on address
services are accessed in the order in which they are integrated. The BPEL module
shown in Figure 2.2 depicts integration of all the services. This application receives
a series of input and produces desired output. Composite application is developed
using the BPEL Engine and CASA(Composite Application Service Assembly). This
contains SOAP messages and input output port as shown in Figure 4.
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Figure 2.2: BPEL module of LoanBroker application
Figure 2.3: Composite application Service Assembly
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2.4.3 REST based web services.
RESTful service development considers services, operations and parameter in term
of resources. Each of these resources are assigned with a unique URI (uniform
resource indicator). All these resources are accessed with the help of URI(uniform
resource indicator). The main reason behind developing REST based services are:
 Uniform interface
 Addressability
 Statelessness
 Connectedness
In RESTful web services, these properties are embodied in resources, URIs, and
representation [29]. REST based web services is developed with the help of OPEN
ESB tool. It uses the same database that is used by the SOAP.
2.4.4 Integration of REST based Services
REST-based services, unlike SOAP, does not generate WSDL address. It produces
WADL address. But this WADL address is not supported by the BPEL engine. So
in this study, Services are integrated with JSP. The input of one service is passed as
output to the other service. However, many tools are available to integrate REST
based services such as MULE ESB. But the result obtained using this tool for REST
can not be compared with the outcome obtained by OpenESB for SOAP style. So
OPEN ESB tool is used in the development of both types of services for uniform
comparison.
2.5 Performance Metrics.
Throughput and response time are measured against two parameters.
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 File size
 Number of simultaneous request
Different file sizes ranging from 1000kb to 7000 kb are taken into consideration.
These files are stored in the system and retrieved with the help of services. Each file
has a unique id. Total of 28 concurrent clients are simulated using the concept of
multithreading. For each request sent to web service, response time and throughput
is evaluated. In the other analysis, response time and throughput are analysed with
the help of number of service request. As the number of requests go on increasing
what will be the effect on throughput and response time are found out.
2.5.1 Response Time
Response Time is defined as the time duration of the request sent and response
received. When the client application sends a request to service with appropriate
input, the server takes information to process the data and pass through a series
of services, because an application is integrated using all these services. After the
request is processed, the resulted output is sent as a reply to the client. Maximum
simultaneous request that can be be sent to the server is considered as twenty-eight.
Response Time is calculated as different file size and different number of service
request. Response time for different file size is calculated as the total time elapsed
in retrieving a file using the equation as:
Rt = t1 − t2 (2.1)
where Rt = Response Time
t1 = Time at which client sent Request.
t2= Time at which client receives Response.
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2.5.2 Throughput
Throughput is defined either in terms of number of the requests or terms of average
data bytes per second. Throughput is defined as number of request per second. In
this study, we have considered the twenty-eight number of requests. Throughput is
calculated using the total no of requests divided by total time taken to process all
request.
Throughput = Number of simultaneous request sent by client/Total time taken
to process all the requests. Throughput can have other measurement units in terms
of number of bytes per second. Suppose ’X’ bytes of data transfer take ’Y’ unit of
time, throughput can be calculated as number o bytes sent or received in unit time.
It can be computed using the following equation.
T = X/Y (2.2)
Where T = Throughput
X = Data Byte transfered.
Y= Time Time taken to transfer data bytes.
To calculate throughput, files of different size ranging from 1000kb to 7000kb has
been stored on disk. These files are retrieved from the disk and total time elapsed
is calculated. Throughput is calculated by dividing the file of different size by the
total time elapsed.
After finding the value of Response time and Throughput of SOAP and REST
based web services, a comparison is made between these two techniques to have the
critical assessment on the performance of both the styles.
2.6 Result Analysis
The proposed work in this paper compares SOAP and REST styles for Enterprise Ap-
plication. In this work, seven number of services namely CreditAgency, LenderGate-
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way, Bank1, Bank2, Bank3, getBestLoanquote, and LoanBroker Service(Composite
service) are implemented. Services are compared using throughput and response
time for integrated application. The main idea is to implement them in SOAP and
REST paradigm separately and then compare their throughput and response time
respectively.
2.6.1 Throughput comparison of SOAP and REST
The figure shown in Figure 2.4 provides the throughput comparison of SOAP and
REST for composite services. i.e., for Loan Broker Application. From the Figure
2.4, it is evident that REST based application has better throughput than SOAP
based application. As the number of the client increases SOAP throughput increases
at a slow pace as compared to REST. Because SOAP is heavyweight, and its XML
presentation is verbose. On the other hand, REST is lightweight. As the file size
increases, throughput increases for both SOAP and REST but REST has better
throughput than SOAP, i.e., REST transfer more number of bytes in unit time.
In Figure 2.5, comparison between SOAP and REST is provided for varying
number of requests. The number of request increases SOAP throughput decreases.
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Figure 2.5: Throughput for different file size
2.6.2 ResponseTime comparison of SOAP and REST for
EAI
The Figure shown in Figure 2.6 below provides the ResponseTime comparison of
SOAP and REST for composite service. i.e., for Loan Broker Application. Respon-
seTime is measured in ms (milliseconds). For the response time, as the number of
clients are increased in SOAP, response time increases but the rise in number of
clients does not affect the response time of REST services drastically. REST has
better response time than SOAP.
In the Figure 2.6 comparative analysis for response time is provided. Response
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Figure 2.6: Response time for varying number of requests
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Figure 2.7: Respopnse time for different file size
time is calculated for file size ranging from 1000kb to 7000kb in milliseconds.
For SOAP, response time is initially greater as compared to REST but as the file
size increases for a file of size 3 MB their response time are almost equal. For other
cases, SOAP has more considerable response time than REST.
In Figure 2.7, as the number of service requests grow SOAP response time de-
creases more rapidly than REST. It means that REST can handle large number of
request inamore efficient way than SOAP
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2.7 Summary
This study provides a comparative analysis of the SOAP and REST styles For se-
lection of web services. It is crucial to select a appropriateweb services based on its
interaction style as it affects the underlying implementation and the integration of
enterprise application.
The central issues in SOA are how to integrate the application that are dis-
tributed over the internet. So, selecting a appropriate interaction style can ease the
integration and the application can be accessed from the network fast and efficiently.
In this study, LoanBroker application is considered for the case study. LoanBro-
ker application is suitable for evaluating the integration of various services as the
message flow between each of the services can be clearly seen.
From the experimental analysis, it is observed that REST based development has
better throughput and response time that of the system developed, based on SOAP.
However, it is convenient to build the application with SOAP due the adequate
support of tools. But in case of REST, it ’s hard to find right kind of tools. REST
is an emerging technology whereas SOAP is already popular and has been already
used in building good number of applications. Hence, it may be opined that use of
REST style has definite advantage over the use of SOAP style.
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ANN Techniques for Web Service
Selection
3.1 Introduction
Web Service selection is one of the important aspects of SOA. It helps to integrate
the services to build a particular application. It is important to select the services
which matches requirement as well as has good quality. Web services are chosen
based on the quality of service attributes. ANN techniques such as Backpropagation
Network (BPN), Radial Basis Function Network (RBFN) and Probabilistic Neural
Network (PNN) has been used to enhance the quality of selection. In this study, nine
QoS attributes are taken as input to the neural network for service classification.
After the network is trained, testing data is used for testing the system. The error
parameter is calculated by taking the difference between actual and predicted output.
The accuracy obtained from each method compared and finally, it is concluded that
BPN outperforms the other two techniques. The obtained value of accuracy of PNN
is moderate, and that of RBFN has least accuracy.
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3.2 Research background
The following subsection highlights about the dataset being used for web service
selection and Data Normalization.
3.2.1 About the Dataset
The QWS Dataset consist of 365 number of web services. Each web service has
nine QoS (Quality of Service) attributes as shown in TABLE 3.1. This Dataset has
dimension of 365X9.
3.2.2 Data Normalization
There are nine QoS attributes which lie in varying range, So it can not be directly
taken as input to the ANN and Fuzzy logic. It must be normalized in the range of
0 to 1 for achieving the better accuracy.
Data is processed to transform into the linear form using min max formula. Each
of the actual data d of attribute p is mapped to a normalized value d′ which lies in
the range of 0 to 1. The Min-Max normalization is calculated by using the equation:
Normalized(d) = d′ =
d−min(p)
max(p)−min(p) (3.1)
3.3 Methodology
Web service description and discovery is realized using UDDI. As the number of
services grow day by day searching web service efficiently according to requirement
poses a significant challenge. To define the quality of service nine QoS parameters
are described in the Table 3.1 are considered.
Based on these nine QoS parameters service classification is carried out separately
by each ANN algorithm [6] .
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Table 3.1: Quality of Service Attributes and Units
ID QoS attribute Specification Units
1 Response time (RT) The time between making a re-
quest and getting a response
ms
2 Availability (AV) Number of successful re-
quests/total number of requests
%
3 Throughput (TP) Number of invocations per unit
time
Invokes/second
4 Success ability (SA) Number of response / number of
request messages
%
5 Reliability (RB) Ratio of the number of error mes-
sages to total messages
%
6 Compliance (CP) The extent to which a WSDL doc-
ument follows
%
7 Best Practices (BPT) The extent to which a web service
follows
%
8 Latency (LC) Time taken for the server to pro-
cess a given request
Ms
9 Documentation (Doc) Measure of documentation (i.e.
description tags) in WSDL
%
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Figure 3.1: Artificial Neural Network.
3.4 Proposed work for Web Service selection
The following subsections highlight on the various ANN algotithm used for web
service selection.
Back Propagation Network
The structure of Artificial Neural Network is shown in the Figure 3.1. BackProp-
agation network is a multilayer feed forward network having three layers of input
layer, hidden layer, and output layer. Network is trained using supervised learning
algorithm.
During the training period of network, input patterns are passed through the
network, and small random weights are assigned to the connection link between
different layers. Output of the input layer is fed to input layer. It is given by:
Oi = Ii (3.2)
Net input Iinh to the hidden layer is calculated as:
Iinh =
n∑
i=1
IiWih (3.3)
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In this paper, sigmoidal function is used as activation function at hidden layer and
output layer. Output at hidden layer Oh for the net input Iih is given by:
Oh =
1
1 + e−Iinh
(3.4)
The net input Oink to the output layer Ok is given by:
Oink =
P∑
h=1
OhVhk (3.5)
and output is given by:
Ok =
1
1 + e−Oink
(3.6)
The main aim of applying ANN is to reduce the MSE (Mean Square Error) which
is acheived by small random change in weight for each iteration. MSE is calculated
as follows:
MSE =
1
n
n∑
k=1
(O′k −Ok)2 (3.7)
Where Ok = actual output and O
′
k = expected output. After error calculation,
weight is updated. In this study, gradient descent method is used for weight up-
dation. Gradient Descent compute the first order derivative of error function to
minimize the error.
Ek =
1
2
(Tk −Ok)2 (3.8)
V ′ =
∂d
∂dW
1
2
(Tk −Ok)2 (3.9)
where V ′ is the gradient vector. The small random change in the weight vector can
be given as:
Wk+1 = Wk − αV ′k (3.10)
where Wk+1 = updated weight, Wk = current weight , α = learning parameter and
V ′k= Gradient vector.
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Radial Basis Function Network (RBFN)
In Radial Basis Function (RBFN) neural network, network architecture of Ra-
dial Basis Function (RBF) consists of three layers namely input layer, hidden
layer and output layer. Each hidden layer unit is represented as radial center
C1, C2, C3, C4......, Ch. as shown in Figure 3.2. Number of hidden layers in RBF
is restricted to one. In this paper RBFN is used for solving classification problem.
Input
layer
Hidden
layer
Output
layer
...
...
...
x1
x2
xp−1
xp
C1
Ck
Ch
φ1
φk
φh
w1
wk
wn
F (x)
Figure 3.2: RBFN Model.
In this network, both weight as well as center are learned. There are various
techniques for updating weight and centers.
 Pseudo Inverse Technique (oﬄine).
 Gradient Descent Learning (online).
 Hybrid Learning (online).
In this paper, Pseudo Inverse Technique for updation of weight and center has
been used. Euclidian distance between the each input xi and the hidden center cj is
calculated and then radial basis function is applied to the result in order to obtain
activation function. It is obtained by:
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φj = φ(‖ x− cj ‖)
where ‖ x− cj ‖ is euclidean distance. The output is obtained by taking sum of the
product of φj and wj.
φj =
h∑
j=1
φjwj (3.11)
wj: weight of jth center. φ(z) = e
−z2/2σ2 where φ(z): Guassian Radial Basis Func-
tion
where z =‖ x−cj ‖ and d = σ√2h . Gaussian Radial Basis function is most popular
Radial Basis Function which is applied in this paper.
For the weight and center updation Pseudo Inverse Technique is used. In pseudo
inverse tehnique width of the radial basis function is chosen randomly. For every x,
φi should be normalized such that: ∑
j=1
φj = 1 (3.12)
weight vector is computed as:
Φ = [φ1, φ2, φ3, ...., φh]
W= [w1, w2, ............, wh]
T
ΦW= yd, yd is the desired output
W = (ΦTΦ)−1ΦTyd = Φ′yd
Φ′ = (ΦTΦ)−1ΦT is the pseudo inverse of Φ this is possible only when (ΦTΦ) is
non singular. If this is singular, then singular value decomposition is used. after the
appropriate choice of weight is obtained desired output is calculated.
Probablistic Neural Network (PNN)
Probablistic neural network(PNN) is inherently a classifier. PNN is based on the
Bayesian network and principle of statistical algorithm. Network Architecture of
probablistic neural netwok is shown in the Figure 3.3. It consist of four layers.
input layer, Hidden layer, summation layer or pattern layer, and output layer [13].
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Figure 3.3: PNN Model.
The euclidian distance between input and hidden unit is calculated and activation
function is applied to the result.
z =‖ x− hi ‖
Summation layer sums the output obtained from each hidden unit and finally the
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result obtained from each summation unit is compared. It is based on the winner-
takes-all approch. The summation unit which is having the highest value, input is
classified to that class. PNN is one of the fastest network, where σ = smoothing
parameter. Smoothing parameter has great impact on the accuracy of classification
achieved by the network.
3.5 Performance Evaluation Parameters
There are four performance evaluation parameter.
 Mean absolute error (MAE)
 Mean absolute relative error (MARE)
 Root mean square error (RMSE)
 Standard error of the mean (SEM)
3.5.1 Mean Absolute Error (MAE)
Mean Absolute Error is used to compare the actual value and predicted value i.e,
how much predicted output is deviated from actual.
MAE =
1
n
n∑
i=1
|fi − yi| (3.13)
3.5.2 Mean Absolute Relative Error (MARE)
MARE =
1
n
n∑
i=1
|fi − y′i|
fi
(3.14)
It creates numerical overflow (Divided by zero), so that 0.05 is added in the denom-
inator in order to avoid numerical overflow.
MARE =
1
n
n∑
i=1
|fi − y′i|
yi + 0.05
(3.15)
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3.5.3 Root Mean Square Error (RMSE)
RMSE is a calculated by taking difference of actual and predicted value. it mesures
the diffrence between predicted and actual output.
RMSE =
√√√√ 1
n
n∑
i=1
(fi − y′i)2 (3.16)
3.5.4 Standard Error of mean (SEM)
The standard error of the mean is denoted as M. It is the ratio of standard deviation
to number of sample:
σM =
σ√
N
(3.17)
where σ = standard deviation N = Number of sample.
3.6 Results and Analysis
3.6.1 Application of Artificial Neural Network
ANN algorithms like BPN, RBFN and PNN used in this study considers nine QoS
attribute as input. These nine inputs correspond to input layer nodes in each ANN
algorithm. However, number of hidden layer differs from each network.
In BPN, number of nodes present in the hidden layer must be greater than input
layer nodes, so the number of hidden nodes are fifteen in BPN.
In RBFN, hidden layer consists of four radial centers. Since there are four differ-
ent classes. The Euclidian distance of a web service input vector (nine QoS attribute)
from these radial center is calculated.
In PNN, hidden layer consist of 4 hidden unit each hidden unit corresponds to
each class. In the summation layer sum of the output from each unit is calculated.
Then at the output layer maximum of all the output from summation layer is taken.
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Table 3.2: Performance of Different Algorithm
Performance Evaluation Parameter BPN RBFN PNN
MAE 0.0182 0.204 0.144
MARE 0.0795 0.56 0.234
RMSE 0.0779 0.26 0.164
SEM 0.0234 0.06 0.04
Accuracy 98% 80% 86%
Maximum value corresponds to output class to which a particular web service belong.
Calculated value is compared with the actual value for the performance evaluation.
Python programming language is used for performance evaluation of ANN. Fi-
nally, comparison of the different technique are given in Table 3.2. From the Table
3.2 it can be inferred that BPN outperforms other methods.
3.7 Summary
In this paper methodology has been proposed for optimal web service selection using
various ANN algorithm such as BPN, RBFN, PNN algorithms are used for the
classification of web services. Among these neural networks accuracy obtained by
the BPN is best. PNN accuracy is moderate, and RBFN accuracy is less than
PNN. The problem with this approach is as the no of attribute increases, service
classification becomes more complex.
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Hybrid ANN approch for Web
Service Selection
4.1 Introduction
In this chapter, Neuro-GA approach has been applied for web service selection. The
appropriate weight for ANN is generated with the help of genetic algorithm. Neural
Networks can recognize only those pattern that network have already learned. It
can not recognize the new patterns. The network needs to be trained sufficiently to
extract and determine general features which applies to both training and testing
data. However overtraining of neural networks lead to the undesired result.
BPN uses gradient descent method to minimize the error and update the weights,
so there is a probability to stuck in a local minimum [21].
Genetic algorithm (GA) is an optimization technique applied to find exact or
approximate solution. The solution generated by GA may or may not be the best
solution. Genetic algorithm intensively used to search the solution space. GA re-
quires population size, selection rate, initial weight range, number of training epochs
to find the solution of problem [22]. In neuro GA approach, GA is used to generate
weight, which is fed to the neural network. GA is continued to find the weight set
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until the fitness values for 95% of the chromosomes are same. Chromosome is the
collection of genes (weights) [21].
4.2 Proposed work for Web Service Selection
The following sub-sections highlight on the classification methods used for Web
Service selection.
4.2.1 Genetic Algorithm
In this approach, genetic algorithm is used for weight determination for neural net-
work. Neural network having ‘x’ number of input nodes, ‘y’ number of hidden nodes,
and ‘z’ number of output nodes. Output of the input layer is fed to the input. It is
given by the fllowing equation.
Oin = Iin (4.1)
Sigmoidal function is used as activation function at hidden and output layer. The
output of hidden layer ‘O′h for the net input ‘I
′
inh can be given as:
Oh =
1
1 + e−Iinh
(4.2)
The output of output layer ‘O′o for the net input of the output layer ‘O
′
ink is repre-
sented as:
Oo =
1
1 + e−oink
(4.3)
The number of weight that is to be determined for neural network can be calculated
as:
N = (x+ z) ∗ y (4.4)
Each weight is equivalent to gene which is randomly generated. each gene being
a real number. Each gene is coded as binary digit and let the number of digits in
weights is l. The length of the chromosome S can be computed as:
S = N ∗ l = (x+ y) ∗ y ∗ l (4.5)
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Fitness value for each chromosome is determined after weights are extracted from
each chromosome using the following equation: The weight equivalent to each gene
can be evaluated using following equation.
Wj =
 −
tjl+2∗10l−2+tjl+3∗10l−3+....+t(l+1)l
10l−2 if 0 <= tjl+1 < 5
+
tjl+2∗10j−2+tjl+3∗10l−3+....+t(l+1)l
10l−2 if 5 <= tjl+1 <= 9
(4.6)
The fitness value for each chromosome is derived with the help of fitgen algorithm:
which can be given as [21].
Algorithm to compute fitness function: FITGEN()
Input: I¯i = (I1i, I2i, I3i, ...., Ili)
Output: T¯i = (T1i, T2i, T3i, ...., Tni)
where I¯i, T¯i represent the input-output pairs of network.
Step 1: Weights W¯j from Chi are calculated using equation 4.6.
Step 2: Considering W¯j as a constant weight, the network is trained for N input
instances and the estimate value Oin is found.
Step 3: For each input instance k error EK can be evaluated using the follwing
equation:
Ek = (Tki −Oki)2 (4.7)
Step 4: Root mean square error (RMSE) for the chromosome Chi is given by
the following equation:
Ei =
√∑k=N
k=1 Ek
N
(4.8)
where N = training data .
Step 5: Fitness value for chromosome Ci using the following equation is found
out as:
Fi =
1
Ei
=
1√∑k=N
k=1 Ek
N
(4.9)
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Figure 4.1: Flow chart for Neuro-GA Model
Figure 4.1 shows the block diagram for Neuro-GA approach, which represent the
steps followed to design the model.
4.3 Result Analysis
In this proposed approach, a total population size of 100 is taken. The procedure
converges when the fitness value of 90 % of chromosomes are same. The Neuro GA
41
Chapter 4 Hybrid ANN approch for Web Service Selection
Figure 4.2: Fitness value Versus number of iteration
approach makes 300 number of iteration to have the chromosomes having similar
fitness value. The result is shown in Figure 4.2 shows the plot between number of
chromosome having same fitness value versus number of iteration. It can be inferred
from the Figure 4.2 that as the number of iterations increase number of chromosomes
having same fitness value is rising accordingly.
The weight set extracted when fitness value reaches 90% percent is used as a final
weight. Testing data is used to test the network, and finally MARE is calculated to
obtain the accuracy of the system. The error parameters and accuracy of neuro GA
is given in the Table 4.1.
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Table 4.1: Performance of Neuro GA Algorithm
Error MAE MARE RMSE SEM Accuracy
Neuro-GA 0.063 0.089 0.085 0.037 94%
4.4 Summary
In this chapter Hybrid, ANN approach has been used for web service selection. In
this approach, ANN has been used to train the network. But in case of ANN precision
of output is often limited it does not admit zero error but only minimization of least
square error. GA algorithm is used to determine weight set for neural network that
leads to minimization of error.
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Conclusion
From the analysis, it is observed that REST based services have better throughput
and response time than that of the system developed, based on SOAP.
However it is convenient to build the application with SOAP due the adequate
support of tools. But in case of REST right kind of tools are not available. REST
is an emerging technology, whereas SOAP is already popular and used in building
good number of applications. Hence, it may be opined that the use of REST style
has a definite advantage over the use of SOAP style.
In this study, a method has been proposed for optimal web service selection
using various ANN algorithm such as BPN, RBFN, PNN. Back Propagation
Network, Radial Basis Function and Probabilistic Neural Network are used for the
classification of web services. Among these neural network accuracy obtained by
the BPN is best. PNN accuracy is moderate, and RBFN accuracy is less than
PNN. The problem with this approach is as the no of attribute increases; service
classification becomes more complicated. In the next approach, GA is used for
weight determination for neural network.
In this approach, ANN has been used to train the network. But in case of
ANN precision of output is often limited it does not admit zero error but only
minimization of least square error. GA algorithm is used to determine weight set
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for neural network that leads to minimization of error.
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